Materials and methods
GMYC performance was evaluated in three different aspects: 1) effects caused by branch length optimization to obtain ultrametric trees, 2) biases related to the balance between the Yule and the coalescent portions of the tree, as a consequence of the taxonomic depth explored in combination with 3) the intensity of intraspecific sampling for specific taxa.
1) Dataset characteristics
Our analyses started with the 1387 DNA barcodes dataset of 180 species of Romanian butterflies from Dincă et al [1] . Sequence length was filtered to avoid the presence of missing data resulting in an ambiguity free, 634 base pair alignment, of 1303 specimens representing 176 species. This dataset included 97% of the Romanian butterfly species sampled from numerous sites of the Romanian territory of ca. 237 thousand square kilometres. The sampling covered many different types of habitats and distant locations in order to improve the assessment of intraspecific variability.
Overall, the average number of specimens per species was of 7.4, ranging between one (in the case of four species) and 23 specimens in the case of Pyrgus armoricanus.
The 1303 samples were collected from 134 localities across Romania's territory, with an average of 5.2 sites per species (ranging between one and 20). Repeated haplotypes were removed using Collapse 1.2 [2] to produce a final matrix of 495 haplotypes representing 176 species.
2) Phylogenetic approaches
Ultrametric phylogenetic trees were obtained following different strategies under a relaxed lognormal coalescent clock and a uniform clock. For a uniform clock, branch lengths were normalized using penalized likelihood (PL) with cross validation (CV) in r8s [3] , and d8 and MPL [4] algorithms in PATHd8 [5, 6] . Maximum likelihood (ML) trees were generated with Garli 1.0 [7] except for the ones applying Patdh8, which were obtained with RAxML 7.0.3 [8] in order to test the fastest combination of methods. Also, a strict clock was applied to bayesian inference in BEAST 1.6.0 [9] .
For a relaxed clock, chronos and ChronoPL functions in Ape library [10] implemented in R were applied to ML trees. A lambda = 0.5 (which allows rates to vary among branches) and CV were selected in the case of ChronoPL. Also, BEAST 1.6.0 was used to get trees under an uncorrelated lognormal relaxed clock [11] and both coalescent and Yule tree priors were evaluated for the Bayesian trees. Lastly, a distance-based NJ tree was constructed using MEGA 5.1 [12] and transformed to ultrametric with PATHD8 in order to test a non-clock approach and the fastest possible combination of methods. As a result, a total of ten tree reconstruction procedures were retained for further GMYC evaluation ranging from fast approaches to slower ones that may be more accurate possibly difficult to apply to large datasets.
For BEAST inference, four gamma rate categories were selected and a randomly generated initial tree was used. Two independent chains were run for a variable number of generations (between 10 and 50 million) depending on the dataset. Values were sampled every 10% of the run length and convergence was inspected in Tracer v.1.5 [13] . The substitution model used for both maximum likelihood and Bayesian approaches was GTR+I+G according to the AIC criterion, obtained from jModeltest [14] outputs. Trees coming from penalized likelihood in r8s were not fully dichotomous and the R function "multi2di" in the Ape library dividing multichotomies in order of appearance in the tree (random=false) was used. For ML trees, some internal branches with 0 values were found, and in those cases they were substituted by 0.000001 before normalizing branch lengths.
The GMYC species delimitation tool [15] [16] [17] was tested using the SPLITS package [18] implemented in R statistical software. Single and multiple-threshold options were optimized for all the resulting trees. The function automatically outputs a likelihood ratio test (LRT) between the null and GMYC models, a number of ML clusters and entities with their respective intervals of confidence and the threshold times where significant shifts between the Yule and coalescent portions are found. LRTs between single and multiple threshold options were performed to select the model that better fitted the data. The recently implemented multimodel GMYC approach [19] was used to account for delineation uncertainty using the best performing phylogenetic approach and a specific R code provided in [19] . Unless otherwise stated, all the analyses were conducted on haplotype trees with no repeated haplotypes.
3) Subclade tests
Phylogenetic trees from subsets containing species grouped into five butterfly families were also evaluated for the four bayesian approaches previously examined, corresponding to 141 haplotypes for Lycaenidae + Riodinidae, 233 for Nymphalidae, 52 for Pieridae, 52 for Hesperiidae and 17 for Papilionidae. The resulting clustering and entity delimitations were compared with the full Rhopalocera phylogenies. Trees resulting from a strict clock and a coalescent constant size prior were used for further analysis. Next, all possible subclades were generated from each family tree and the significance of the GMYC versus the null model for each partition was evaluated. We obtained 65 possible tree partitions with GMYC fit significance and for them the program performance was evaluated under the single-threshold approach. Finally, we compared the estimated number of GMYC entities obtained for the full family tree to those obtained for each of the subclades.
4) Intraspecific sampling tests
Taxon sampling coverage effects were studied following three approaches. First, a sampling reduction (or coalescent portion reduction) for each of the 18 species with intra-specific genetic distances > 0.5% that were correctly recovered as entities by GMYC was done by selecting only the two most genetically distant specimens in the dataset and eliminating the rest. These individuals were often not the most geographically distant.
Second, we forced an unbalanced sampling by enlarging the dataset with samples alien to the study area (Romania) independently for the species Polyommatus icarus and Papilio machaon. A total of 99 extra samples of P. icarus and 18 of P. machaon where incorporated into the analyses (electronic supplementary material, table S1).
Most samples of P. icarus originated from the dataset used by Dincă et al [20] (and see references therein) to which we added four samples from Hausmann et al [21] .
This dataset covered a very large geographic area, ranging from Iberia to Asian Russia and from Israel to Finland. Almost all samples of P. machaon represent original data from the Iberian Peninsula, with the exception of two specimens from Germany from Hausmann et al [21] (electronic supplementary material, table S1).
Subsequently, the total number of sequences was randomly reduced to 50%, 20% and 10% (10 replicates each) for both species and new tree inferences were done with BEAST (coalescent prior + strict clock) for all the resulting datasets. Lastly, to simulate possible effects derived from low intraspecific variability, we progressively reduced species representations to singletons in 40%, 50%, 70%, 90%, 95% and 100% of the 176 species (10 replicates each by random selection of the species and one of their haplotypes). The original dataset already had 48 (27%) species with a single haplotype and, as a control we also evaluated the dataset excluding every singleton (128 species). (2) split (2) split (2) split (2) Lasiommata maera split (2) split (2) split (2) Cupido alcetas (2) split (2) split (2) split (2) Glaucopsyche alexis split (2) split (2) split (2) split (2 (2) split (2) split (2) split ( (3) split (3) split (3) split (3) Total Table S6 . Statistics for the GMYC best-fit and other models (within dAICc = 3) for a BEAST tree with a coalescent prior and a strict molecular clock. Table S6 ) and arrows indicating nodes that are significant for the GMYC model. eight populations or ten specimens per species, there is no clear increase in number of haplotypes due to saturation.
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